In this study, we employ a time domain numerical model based on the fully nonlinear Boussinesq equations introduced by Wei et al. [1995] to investigate the fully coupled interaction of surface waves with rip currents and the nearshore circulation generated by wave breaking on a barred beach with a rip channel. In section 2, we present the governing equations including additional terms to account for wave breaking, subgrid turbulent mixing, bottom friction, and shoreline run-up. Section 
Model Formulation

Governing Equations
The extended Boussinesq equations of Wei et al.
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in which h is the still water depth, h0 is the still water depth at the offshore limit of the slot, the subscript t denotes time differentiation, and V is the horizontal gradient operator. In addition, /• and A are two dimensionless multipliers introduced for the treatment of shoreline run-up as described in section 2. The fully nonlinear Boussinesq equations have improved dispersion characteristics in the case of large wave number and nonlinearity in shallow water. In connection with surface waves and wave-induced currents, it is worth mentioning that the equations are suitable for modeling wave-current interaction, as shown by Kirby [1997] .
A Treatment of Moving Shorelines
To simulate swash motions, it is necessary for the We 
Subgrid Turbulent Mixing and Bottom
Friction
Boussinesq models are based on vertically integrated mass and momentum equations. However, the grid size involved with the simulation of surface waves is usually smaller than the typical water depth. The horizontally distributed eddy viscosity resulting from subgrid turbulent processes may therefore become an important factor influencing the flow pattern of the wave-generated current field. In the absence of the subgrid model in the governing equations, the underlying current field generated by wave breaking may become so chaotic that no realistic flow pattern can be recognized. In the present study, we utilize the Smagorinsky-type subgrid model [Smagorinsky et al., 1965] 
where the friction coefficient is chosen to be f =6. 
Simulation of Rip Currents
Topography and Model Setup
A beach with offshore sand bars incised by rip channels is a common type of bathymetry in many coastal regions. Figure 3 shows the bathymetry and the contours of the water depth used for the simulation of rip currents in the present study, which was inspired by a physical experiment conducted at the University of In Plate lb, we notice that a pair of vortices develops on the edges of the rip channel. As mentioned above, the eddies cause the depression of the mean water level with the magnitude of about half the maximum setup of mean free surface in the present case. The mechanism of the vortex production is attributed to the strong velocity shear associated with the rip current in the area between the channel and the submerged bar. We compute 
Effects of Bathymetric Uniformity on Rip Stability
An Ideal Topography
In agreement with observations in the physical experiment, the numerical results as shown in the preceding section indicate that the rip current is unstable. One may ask whether the rip current is stable if there are no perturbations in the bathymetry and in the mean free surface. This section is therefore devoted to answering this question.
We construct an ideal topography by averaging the cross-shore profiles of the barred beach from the bathymetric data taken during the laboratory experiment. This process filters out the perturbations and leads to a longshore uniform barred beach with a rip channel in the middle of the bar as shown in Figure 13 . The basic configuration of the bathymetry and the numerical model setup are identical to those described in the previous section.
Delayed Rip Instability
The rip current generation and associated nearshore circulation are simulated using the ideal bathymetry. 
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